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Description 

This invention relates to an optical fiber formed 
on its end with an elliptical lens and a method of 
producing the same. 5 

In order to couple an output light beam from a 
laser diode into an optical fiber, it has been 
proposed that the end of an optical fiber is heated 
and softened to form a hemispherical lens 
through with the light beam can be coupled. w 

However the light emission of the laser diode is 
such that, the vertical transverse mode usually 
has a wider spread angle than that of the horizon- 
tal transverse mode, so that the light emission 
pattern is elliptical. " 15 

As can be seen from the above, an important 
problem to be solved is that the output of the 
laser diode is effectively coupled into an optical 
fiber. In order to solve this problem, the use of 
laser diodes whose light emission patterns are 20 
circular has been studied. However, such laser 
diodes do not solve the problem completely. 
Furthermore, a method of optically assisting the 
coupling of the output of a laser diode into an 
optical fiber with the aid of a combination of 25 
cylindrical lenses has also been investigated. 
However, it is difficult to apply this method to 
communication circuits due to the shape and the 
alignment requirements of cylindrical lenses. 

It is a principal object of the invention to 30 
provide an optical fiber having an elliptical lens 
and a method of producing the same which 
eliminate ail the disadvantages of the prior art. 

In order to achieve this object, the optical fiber 
comprises a main fiber and two contiguous fiber 35 
stubs respectively positioned on diametrically 
opposite sides of the main fiber and extending 
substantially parallel with said main fiber, the 
optical fiber having an elliptical lens formed from 
the fused ends of said main fiber and said fiber 40 
stubs. 

The method of the invention comprises steps of 
arranging two stubs on diametrically opposite 
sides of the fiber so as to be contiguous with and 
substantially parallel with the optical fiber and 45 
heating and fusing ends of the optical fiber and 
the fiber stubs to form the elliptical lens from the 
adjacent fused portions coalescing under the 
influence of surface tension. 

In a preferred embodiment, the ends of the so 
optical fiber and the fiber stubs are heated by 
electrical discharge or by a micro-torch. 

The fiber stubs are preferably selected so as to 
have a greater surface tension than the optical 
fiber during fusion. 55 

The ratio of diameter of the fiber stubs to the 
diameter of the optical fiber is preferably selected 
to achieve a predetermined curvature of the 
elliptical lens. 

When the optical fiber and the two fiber stubs 60 
are softened and fused together, the optical fiber 
is subjected on both sides to tensile forces owing 
to surface tension acting between the fused por- 
tions to form an elliptical lens. Hence, even if the 
output of the laser diode exhibits an elliptical light 65 



emission pattern, the output can be effectively 
coupled Into the optical fiber. 

In order that the invention may be more clearly 
understood, preferred embodiments will be 
described, by way of example, with reference to 
the accompanying drawings. 

Figs. 1a, 1b and 1c illustrate an optical fiber 
having an elliptical lens according to the inven- 
tion; 

Figs. 2a is a perspective view of an optical fiber 
for explaining the method of producing the fiber 
having an elliptical lens; and 

Fig. 2b is a side view of the optical fiber shown 
in Fig. 2a. 

Figs. 1a, 1b and 1c illustrate an optical fiber, 
formed on its end with an elliptical lens according 
to the invention, in a front, plan and side view, 
respectively. 

The optical fiber 10 comprises a core 11 and 
cladding 12 and fiber stubs 15 and 16. The front 
ends of the fiber stubs 15 and 16 are integrally 
fused with the front end of the optical fiber 10 to 
form the elliptical lens. 

Figs. 2a and 2b illustrate in a perspective and 
front view a method of producing the optical fiber 
having the elliptical lens shown in Figs. 1a-1c. The 
fiber pieces 15 and 16 are arranged one either 
side of the front end of the optical fiber 10. 

The front ends of the optical fiber 10 and the 
fiber pieces 15 and 16 are heated by electrical 
discharge, micro-torch orthe like to be sufficiently 
softened or fused. In this case, it is of course 
preferable to select fiber pieces 15 and 16 which 
are of superior surface tension to that of the 
optical fiber 10 during fusion. 

Upon heating and fusing the front ends of the 
optical fiber and fiber stubs, the fiber stubs 1 5 and 
16 are melted adjacent the front end of the optical 
fiber 10, so both sides of the optical fiber 10 are 
subjected to tensile forces due to the surface 
tension of the fused fiber stubs thereby forming 
an elliptical lens at the front end of the optical 
fiber as shown in Figs. 1a-1c. 

The curvature of the elliptical lens is deter- 
mined in accordance with the ratio of the dia- 
meter of the two fiber pieces 15 and 16 to the 
diameter of the optical fiber 10. 

Although the optical fiber 10 is a step index 
fiber, this is only by way of example, and it is clear 
a graded index optical fiber can bring about the 
same effect as that in the above embodiment. 

It should be understood that the fiber pieces 
may be removed after the elliptical lens has been 
formed. 

As can be seen from the above explanation, the 
optical fiber produced by the method according to 
the invention comprises the elliptical lens at its 
end which is very small and convenient in use 
with high efficiency in collecting light beams, 
thereby improving the transmission over long 
distances and the signal to noise ratio. Accord- 
ingly, the invention has great effects in the indus- 
trial field. 

It is further understood by those skilled in the 
art that the foregoing description is that of pre- 
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ferred embodiments of the disclosed fibers and 
that various changes and modifications may be 
made in the invention without departing from the 
scope of the invention as defined in the claims. 

Claims 

1. An optical fiber comprising a main fiber (10) 
and two contiguous fiber stubs {15, 16) respec- 
tively positioned on diametrically opposite sides 
of the main fiber (10) and extending substantially 
parallel with said main fiber (10), the optical fiber 
having an elliptical lens formed from the fused 
ends of said main fiber and said fiber stubs (15, 
16). 

2. A method of producing an optical fiber 
having an elliptical lens comprising the steps of 
arranging two stubs (15, 16) on diametrically 
opposite sides of the fiber so as to be contiguous 
with and substantially parallel with the optical 
fiber (10), and heating and fusing ends of the 
optical fiber (10) and the fiber stubs (15, 16) to 
form the elliptical lens from the adjacent fused 
portions coalescing under the influence of surface 
tension. 

3. A method as set forth in claim 2, wherein the 
ends of the optical fiber (10) and the fiber stubs 
(15, 16) are heated by electrical discharge. 

4. A method as set forth in claim 2, wherein the 
ends of the optical fiber (10) and the fiber stubs 
(15, 16) are heated by a micro-torch, 

5. A method as set forth in claim 2, wherein the 
fiber stubs (15, 16) have a greater surface tension 
than the optical fiber (10) during fusion. 

6. A method as set forth in claim 2, wherein the 
ratio of diameter of the fiber stubs (15, 16) to the 
diameter of the optical fiber (10) is selected to 
achieve a predetermined curvature of the ellipti- 
cal lens. 

Patentanspruche 

1. Optische Faser, umfassend eine Hauptfaser 
(10) und zwei an dieser anliegende Faserstumpfe 
(15, 16), die jeweils auf diametral gegenuberlie- 
genden Seiten der Hauptfaser (10) angeordnet 
sind und im wesentlichen parallel zu der Haupt- 
faser (10) verlaufen, wobei die optische Faser eine 
elliptische Linse besitzt, die aus den verschweifc- 
ten En den der Hauptfaser und der Faserstumpfe 
(15, 16) gebildet ist. 

2. Verfahren zur Herstellung einer optischen 
Faser mit einer elliptischen Linse, umfassend die 
Schritte des Anordnens zweier Stumpfe (15, 16) 
auf diametral gegenuberliegenden Seiten der 
Faser, so daB sie an der optischen Faser (10) 
anliegen und im wesentlichen parallel zu dieser 
verlaufen, und des Erhitzens und Verschweifcens 
der Enden der optischen Faser (10) und der 
Faserstumpfe (15, 16), wodurch eine elliptische 



Linse aus den benachbarten verschweiGten Tei- 
len gebildet wird, die unter dem Einflufc der 
Oberflachenspannung koaleszieren. 

3. Verfahren nach Anspruch 2, worin die Enden 
5 der optischen Faser (10) und der Faserstumpfe 

(15, 16) mittels einer elektrischen Entladung 
erhitzt werden. 

4. Verfahren nach Anspruch 2, worin die Enden 
der optischen Faser (10) und der Faserstumpfe 

10 (15, 16) mittels eines Mikrobrenners erhitzt 
werden. 

5. Verfahren nach Anspruch 2, worin die Enden 
der Faserstumpfe (15, 16) wahrend des Ver- 
schweiSens eine groBere Oberflachenspannung 

15 als die optische Faser haben. 

6. Verfahren nach Anspruch 2, worin das Ver- 
haltnis des Durchmessers der Faserstumpfe (15, 
16) zu dem Durchmesser der optischen Faser (10) 
so gewahlt wird, daft eine vorher festgelegte 

20 Krummung der elliptischen Linse erzieit wird. 

Revendications 

1. Fibre optique comprenant une fibre princi- 
25 pale (10) et deux troncons de fibres contigus (15, 

16) respectivement positionnes sur des cotes 
diametraiement opposes de la fibre principale 
(10) et s'etendant sensiblement en parallele a 
ladite fibre principale (10), la fibre optique corn- 
so portant une lentille elliptique formee par les 
extremites fondues de ladite fibre principale et 
desdits troncons de fibres (15, 16). 

2. Procede de production d'une fibre optique 
poss£dant une lentille elliptique comprenant les 

35 etapes consistent a disposer deux troncons de 
fibres (15, 16) sur des cotes diametraiement 
opposes de la fibre pour qu'ils soient contigus et 
sensiblement paralieles a la fibre optique (10), et a 
chauffer et fondre des extremites de la fibre 

40 optique (10) et des troncons de fibres (15, 16) pour 
former la lentille elliptique a partir des parties 
adjacentes fondues en coalescence sous In- 
fluence de la tension superficielle. 

3. Procede selon la revendication 2 dans lequel 
45 les extremites de la fibre optique (10) et des 

troncons de fibres (15, 16) sont chauffees par 
d6charge electrique. 

4. Procede selon la revendication 2, dans lequel 
les extremites de la fibre optique (10) et des 

so troncons de fibres (15, 16) sont chauffees par une 
micro-torche. 

5. Procede selon la revendication 2 dans lequel 
les troncons de fibres (15, 16) presentent, pendant 
la fusion, une tension superficielle superieure a 

55 celle de la fibre optique (10). 

6. Proc6de selon la revendication 2 dans lequel 
le rapport entre le diametre des trongons de fibres 
(15, 16) et le diametre de la fibre optique (10) est 
choisi pour obtenir une courbure predeterminee 

60 de la lentille elliptique. 
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